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The United Sta tes  Natlonal Aeronautics and Space Administra- 
t i on  is developing a broad program of aeronautics and space reseezch. 
Included i n  the program are the development of vehicles fo r  space 

flight, the developuent of advanced technology, aeronautics reoearch, 
applications of space research and technology results t o  prac t ica l  
problems, xnanned f l i g h t  and human exploration of space, and . 

s c i e n t i f i c  investigations of the ear th ' s  aGosphere and space. 
s p c e  program w l l l  involve about 100 sounding rocket f i r i ngs  per 
year for the next f e w  yeaxs, plus roughly 9 sc l en t i f i c  satellites 
and near-earth probes per year, plus about 4 &ep space probes per 
year. The developinent of an internationd. cooperative program is 
being vigorously pursued, and on the operational side extensive 
operation is already under way in radio and opt ica l  tracking of 
satellites And probes, and i n  the preparation cf the Mrcury ran@. 

Specific cooperative progrw i n  atmoepheric and space science have 
already been developed, and many others are under discussion. It 
is  the hope of mAsA that a t r u l y  world-wlde internat ional  program 

may be developed incluu.llg cooperation between the United States and 

The 

co- 

the USSR. 
% ? ? ~  * the Inter&tlonal Sym$%sium on Rocket 

and Astronautics, sponsorea by the Japanese Rocket SocJety, 'Ilokyo, 
Japan, May 

n 
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The United States National Aeronautics and Space Administration 

has now been i n  business for  about a year and a half .  Created under 

the Space A c t  of 1958, which became l a w  on July 28, 1958, the NASA 

was given the job of continuing and extending the work of the older 

NationaL Advisory Committee for  Aeronautics, and of developing and 

carrying out a national space program. 

the policy of the Uni ted  States that ac t iv i t i e s  i n  space should be 

devoted t o  peaceful purposes f o r  the benefit  of a l l  mankind”. The 

Act f’urther set for th  eight objectives of aeronautical and space 

a c t i v i t i e s  of the United States, including the expansion of human 

knowledge of‘ atmospheric and space science, and the use of space 

knowledge and technology fo r  practical  applications. 

The Act declared “that  it i s  

There are many technical ac t iv i t i e s  i n  NASA. The Administra- 

t i on  took Over the ac t iv i t ies ,  f ac i l i t i e s ,  and personnel of the 

40-year old National Advisory Committee fo r  Aeronautics. 

l a rge  pa r t  of the mASA program is comprised of aeronautics and re- 

lated research. 

classicaS. sense, but also advanced research directed toward the 

space age. The X-15 a i r c r a f t  i s  an example of the combination of 

rocketry and aeronautics. In the  laboratory, research i s  devoted 

t o  improved materials and their use, advanced propulsion techniques, 

and advanced instrumentation. 

Thus, a 

This ac t iv i ty  includes not just aeronautics i n  the 

NASA has a strong program of vehicle development and launching 

i n  support of its space ac t iv i t ies .  About a dozen d i f fe ren t  types 
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of sounding rockets are i n  use or  under development. Tgpics;l of 

these are the rockets l i s t ed  i n  Table 1. 

The NASA vehicle program &so includes 12 types of satellite 

and space probe vehicles. With the exception of the Redstone, 

these are shown i n  Figure 1. 

launch vehicles resulted from the ava i lab i l i ty  of b a l l i s t i c  missiles 

systems already developed for  mil i tary missions. 

This re la t ive ly  large number of 

Seven of the 

vehicles are considered t o  be of an interim or  re la t ive ly  short  

term use and w i l l  be discontinued by about 1963. Four other&, the 

Scout, Atlas-Agerlet-B, Atlas-Centaur, and Saturn, -- form the back- 

bone of the long-range satellite and space probe programs. 

is, at the present t i m e ,  a vehicle concept included i n  the very 

Nova 

long-range plans. 

The vehicles included i n  the NASA program w i l l  provide a 

Build up of payload and mission capabi l i t ies  during the next ten 

years, i l l u s t r a t ed  i n  the drawing of F'igure 2. 

expressed i n  terms of the payload weight that can be placed 

This capabili ty i s  

i n  a near-earth s a t e l l i t e  orbit .  Such capabili ty can, however, 

also be expressed i n  terms of the capabi l i t ies  fo r  space probe 

missions, f o r  example, t o  the moon or t o  the planets.  As i s  seen 

from the figure,  there w i l l  be a progressive rise from 1960 through 

1962, then a substantial  jump i n  payload capabili ty with the 

coming of the Saturn vehicle. 

w i l l  be a continued r i s e  i n  payload capabi l i ty  through 1969, 

It i s  anticipated tha t  t k r e  

accompanying the projected Saturn growth. 



Vehicle 

Aerobee 100 
(Aerobee Jr ) 

Arcon 

Nike-Asp 

Aerobee 150, 15OA 
(Aerobee Hi) 

Aerobee 300 
(Spaerobee) 

Argo D-4 
(Javelin) 

Argo D-8* 

3 

W l e  1 

U* S* SOuNDfmG ROCKETS 

Cost Capability 
(Thousands Altitude Payload. Weight 

100 
40 

20 60/95 
80/130 

6 45/70 50 
75/120 16 

9 *5 80/130 200 
190/3aj 20 

29 u o / m  300 
180/290 120 

*Preliminruy figures, based on f eas ib i l i t y  and design studies. 
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The Scout i s  of especial  i n t e re s t  i n  t ha t  it i s  intended t o  

be a re la t ive ly  inexpensive multi-purpose vehicle. 

Figure 3, the Scout is a four-stage s o l i d  propellant rocket. 

Because of i ts  simplici-ty, the  rocket can be launched from inex- 

pensive Launching f a c i l i t i e s .  

As shown i n  

It can be used t o  carry a large 

variety of s c i e n t i f i c  payloads, such as high a t i t u d e  probes, re- 

entry models, and satellites. It w i l l  place et 200 pound payload 

i n  a 300 naut ical  mile (550 km) c i rcu lar  orb i t ,  o r  w i l l  project  

a 30 pound ve r t i ca l  probe t o  12,000 nautical  miles (22,000 km) ., 

Thus, the Scout; may be regarded as intermediate between the sounding 

rocket and t h e  deep space probe, while a t  the same t i m e  be ing ' s  

useful sa te l l i te  launching vehicle. 

Using the  vehicles described above the NASA i s  conducting 

a broad program of research on the earth 's  atmosphere and s p a t i a  

environs. As rapidly as possible this research is being extended 

i n t o  the depths of space, t o  the moon, and the planets.  It i s  

planned t o  apply satell i te techniques t o  the  f ie ld  of astrononw, 

so  tha t  observations of the s t a r s  and galaxies may be made free 

from the obscuring and d is tor t ing  e f f ec t s  of the earth's atmos- 

phere. 

research, a par t icu lar ly  exci t ing aspect of which w i l l  be the 

Gearch f o r  e x t r a t e r r e s t r i a l  l i fe .  

The NASA space program a l s o  includes l i f e  sciences 

The NASA program includes work on advanced technology. 

Examples are the  development of advanced chemical -propulsion 
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systems, nuclear propulsion, e l ec t r i a l  propulsion, nuclear and 

solar power supplies, and admmed guidance and control systems 

f o r  space applications. !here is &so research on l i f e  support 

systems required fo r  keeping man a l ive  in space. 

A very important facet  of USA’s program is the application 

of space science and technology results t o  pract ical  uses. 

t he  present t i m e ,  this includes research on the use of satellites 

f o r  meteorologicd observations, for  communications, and fo r  

geodetic measwements . 

A t  

f ina l ly ,  t he  NASA program includes manned exploration of 

space. 

w i l l  include manned flight at  the  edge of the ear th’s  atmosphere, 

manned orbi taJ  f l i g h t  i n  the vicinity of the earth, and eventuaJly 

f l i g h t  t o  the moon and planets. 

toward such space exploration are being taken i n  Project Mercury. 

This project is directed toward the ear ly  achievement of o rb i t a l  

f l igh t  using techniques, equipment, and vehicles t ha t  are either 

already avsilable, or available with a minimum of development. As 

must be the case i n  all manned f l i g h t  projects,  the engineering 

program fo r  Project Mercury i s  directed toward the achievement of 

the utmost r e l i a b i l i t y  before a m a n  i s  t o  be committed t o  actual 

f l i gh t .  

manned space f l i gh t ;  ra ther i t  i s  t o  be regarded as a first step 

toward later space explorations. 

In  the course of time, it is expected tha t  this program 

A t  present, the i n i t i a l  steps 

Project k r c u r y  by no means involves the ultimate i n  
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THE SPACE SCIEXCE PROGRAM 

The NASA program i n  space science has grown out t i v i t i e s  

of the past  13 or  1 4  years, including the Internation83 GeophysicaJ. 

Y e a r .  It involves the use of sounding rockets, ear th  s a t e l l i t e s ,  

and space probes t o  investigate the  earth, i t s  atmosphere, i t s  

environment, and t h e  objects and phenomena of outer space. The 

sounding rocket program continues a t  a pace comparable t o  t h a t  

of the International Geophysical Y e a r ,  and covers the broad area 

covered during the past  dozen years i n  various program of the 

Department of Defense. No attempt w i l l  be made here t o  review 

pas t  f i r ings in deta i l .  

Satellites and space probes launched by the Uni t ed  States 

Those f o r  space science investigations ere l i s t e d  i n  Table 2. 

launched after the first of Octobel' 1958, were under the auspices 

of the National Aeronautics and Space Administration. 

the NASA has continued the work begun i n  the ear ly  EXplorers 

Vanguards. 

probes have already been reported i n  the literature, and I am 

sure tflat these are w e l l  known t o  this audience. 

continue t o  appear, par t icular ly  from the latest satellites and 

space probes. 

some of the latest results that  have been reported. 

In  them, 

and 

Extensive results from the ear ly  satellites and space 

Exciting results 

I s h a l l  attempt here t o  summarize, without detail, 
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October 1958 t o  April 1960 

VEHEW 

Earth Satf?ll i tes: 

Explorer I 

v-a I 

m o r e r  111 

Explorer N 

Vanguard II 

Explorer V I  

Vangua;rd 111 

Explorer VI1 

space probes: 

Rtoneer I 

Pioneer 111 
Pioneer N 
Ploneer V 

LL Oct 58 

6 BC 58 
3 Mar 59 
u. MEC 60 

- 
Cosmic Rays; Kbmteteors .  

Test. 

Cosmic R a y s ;  MLcrometeors. 

Radiation Be l t .  

Claud Cover. 

Radiation B e l t  and Cosmic Rays; 
m e t i c  Field; Mhmr&eors; 
Very  Low Frequency Radiowave 
Propagation; Single Line Tele- 
vision Scanner. 

Magnetic Field; Solar X-rays; 
Wcrmeteors . 
Solar Ultraviolet  and X-ray 
Radiations; Cosmic Rays; Earth 
Radiation; Micrometeors. 

Radiation Be l t ;  m e t i c  Held; 
Wcrometeors; Television Scanner, 
Radiation Belt. 

Radiation Be l t .  

Radiation B e l t ;  Particles and 
Cosmic R a y s  i n  Space; Magnetic 
Fields; NLcrormeteors. 
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Vanguard I11 (1959 E a  

The s a t e l l i t e  Vanguard 111 was the last of the V a n g u a r d  

International Geophysical Year s a t e l l i t e s  t o  be lauuched. 

cr ipt ive information about Vanguard I11 is contained i n  Table 3. 

The satellite i tself  is shown i n  Mgure 4. 

Des- 

Although the lifetime i n  o r b i t  of Vanguard I11 is estimated 

t o  l i e  between 30 and 40 years, the equpment was powered f o r  

only about 3 months of operation. 

became s i l en t .  

precessional magnetometer provided a comprehensive survey of the 

earth's magnetic f ie ld  throughout the range of aLtitudes and 

la t i tudes  covered by the Vanguard orbi t ;  namely, wfthin the belt  

from 33.4' DT l a t i t ude  t o  34.4' S l a t i t u d e  geographic, and from 

510 t o  3'750 lun. Dr. 

of the mgnet ic  f ie ld  results t o  date from the Vanguard I11 data: 

After 86 days the satell i te 

During the i n t e r v a l  of operation, the proton 

Eeppner has provided the following sunrma;ry 

"Although reduction of Vanguard I11 magnetic f ie ld  

data is only 50 percent complete, preliminary analyses 

have provided considerable information concerning the 

earth's main field. 

Hemisphere, A u s t r a l i a ,  and South Africa it i s  now possible 

t o  s t a t e  the absolute vaLue of the t o t a l  magnetic f i e l d  

intensi ty  t o  a high accuracy. 

especially vauab le  i n  i l l u s t r a t i n g  both the strong and 

weak points i n  existing descriptions of the magnetic 

f i e l d b y  spherical  harmonic analyses. 

Over large regions of the Western 

This information has been 
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" I n  the most recent analysis, evidence w a s  found t h a t  a 

.x+,aetic f ield discontinuity exists at  the lower edge of the 

inner m2iat ion b e l t  a t  magnetic l a t i t udes  greater than '25 

degrees. 

i s  r e d  and n o t  the r e s u l t  of an unknoiln pecul ia~*i ty  i n  o r b i t  

coqutat ion.  

continuities i n  lower l a t i t ude  regions but it i s  f e l t  that; morct 

Work i s  under way t o  make sure t h a t  this discontinuity 

There is  additional evidence for one or more dic 

det.a wil l  have t o  be processed for confirmation. 

"fpkiz study of measurements taken during magnetic storms skobs 

t h a t  the I'ield disturbance observed by the satel l i te  i s  strongly 

dependent on the lacat ion of the satell i te.  A t  magnetic l a t i t udes  

greater than 25 degrees the satell i te disturbance i s  often con- 

siderably lzrger than tha t  observed o:i the grudnd when the sa te l l i t e  

i s  located near the lower edge of the i n n e r  radiation be l t  o r  ir, 

the 'raciiation s l o t '  t h s t  bounds the inncr b e l t  a t  i ts  northern arid 

southern limits. On the other hand, measurements t&en within 

the inner be l t  a t  tnese l a t i t udes  appear t o  be re la t ive ly  undis- 

turbed w i n g  stozms. This is  illustrated i n  Figure 4.1. Die 

t? 

nur&ers.'$adicate the  t i m e  sequence of the  measurements during tne 

storm. Messurernents 7, 8, 9, and 12, which were not disturbed, 

were taken during the maximum of the main phase of t h i s  m8gne-Gic 

storm. Measurements 6, 10, and 11, also during the main phase 

maximum were disturbed w i t h  the same sign as the ground disturbance. 

Xtasureme:rts lk, and 16 which occurred la te r  i n  the s to rn  w e r e  
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strongly disturbed but with a sign opposite to that o f  the 

graund disturbance. two undisturbed point8 at low 

altitude aver 1Joaasara, Australia C(LD be iaploced here 68 they 

coincide with short  peridle whem the pound dlsturbmce was 

very s m a l l )  . In eqpatorW regiow,  where it IS first 
! 

essential that one e lec t ro je t  influences, a clear p%c- 

is accmplished a better underetaadiag of the umqmotad 

results at higher latitube I s  exgecrted." 
Because the Vanguard III satel l i ts  rpent 80 much Of W w  

much of the time. Altba#gb th$s prwen'ted ime&ga~on Q$ t;he 

solar X-rwe, neverthelerss the chfmbere did provide a c o a 8 l b W e  

emouat of' &tall on the location of the lowler e- o f  the W a t l o n  

B e l t ,  which could be determined frarp the location8 at which tbe 

camte r s  e i ther  went fraa nousaturated to  sataratad condition OF 

vice versa.?- laicrcmaeteofite ~ t a  wcld caiLlected uver a period 

of 78 by counting the lapact vibrations. &out 3700 hpacts 

were counted over this perlo& with the l a rges t  influx level 

occuring during the month of lVuvenber. 

impacting psrticles was greater than 3.3 x l d s g .  

Thh errtlmated ma88 of ths 

The density of 
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Explorer VI1 (is9 Io t a  1) 

ExFlorer V I 1  was  lauzxhed by 51- JUDO I1 rocket on October 13, 

1959. This satellite was t he  last of the satellites planned as 

p a t  of the 2&mmtiozzl  &opZ?ysical Ye~xr program. It was the  

most complex an6 diversely i n s t r u e n t e d  cf the satellites planned 

for  IGY, .ma had cme t o  5c kno~sm colloquially as "the Heavy IGY" 

o r  "composite radiation" s a t e l l i t e o  

Explorer VI1 i s  given i n  Table k .  

VI1 s a t e l i i t e  qpcars  i n  Figure 5 .  

Descriptive information on 

A photogrsph of the Explorer 

The PolloWi-r.g E a t e r i d  fron the  experimecters on Ekplorer VI1 

has been provided by the s a t e l l i t e  project  manager, H, LaGow: 

"Telemetering s i g n a s  have &ready been recorded f o r  

more then seven months from 1959 Iota .  Many of the 

records have not yet  been collectea, processed, distri- 

buted and andLyzed but  many s igni f icant  geophysicd 

results have a l r e a e  been reported by the experimenters, 

The principal results reported t o  date, include: 

(1) The State  University of Iowa measurements of 

t i m e  and spa t i a l  variations i n  the outer radiation zone 

show in te res t ing  correla5ions with other geophysical 

observations. 

radiation zone on 27 Boveniber; (b) a very disturbed outer 

zone on 28 November during a severe magnetic storm; and 

(c )  a narrow 3-second Wide peak at  0336.30~ on 28 November 

over a n  observed m r o r a l  arc.  

Figure 5.1 shows (a) a stable outer 
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(2) A dras t i c  modification of the outer zone on 

3l March t o  10  April 1960, comencing with the  great  

magnetic storm on 31 March. In tens i ty  l eve l s  went frpm 

a nominal 200 counts/second down t o  less than 10 srid up 

t o  over 10,000 counts/second on the State University of 

Iowa experiment. Pioneer V also detected an increased 

counting rate of s o f t  radiat ion on 3.l March at  some 

5 X loe  km from t h e  ear th .  

(3) The Bartol-Rrn heavy primary cosmic ray 

experimen% reveals  that  the i n t e g r a  f lux  var ies  approxi- 

mately as the inverse first power of the  k g n 6 t i c  r i g i d i t y  

and t h a t  during the ll days &mediately ,following launch, 

the flux of heavy primary cosmic rays remained constant 

within the s t a t i s t i c a l  uncertaint ies  of measurements over 

the e n t i r e  range of r i g i d i t i e s  covered. 

(4) The Army B a l l i s t i c  Missile Agency temperature 

measurements which show t h a t  temperatures have stayed within 

the  design limits of 0-6ooc during the  first 1 6  days after 

launch. During this period &he satell i te has gone through 

two periods when the satellite was i n  sun l igh t100  percent 

Of i t s  o r b i t a l  period. 

( 5 )  The f i r s t  micrometeorite penetration of a sensor 

A Goddard Space Fl ight  Center  cadmium sulphide i n  f l igh t .  

detector was exposed t o  sunl ight  after the penetration of 



its evaporated 

film only 5 mm 

15 

aluminum coating 

i n  diameter. 

on a 1/4 mil thick Wlar  

(6 )  The detection of large s c d e  weather patterns 

by the University of Wisconsin radiation b€iLance experiment. 

Figure 5.2 shows isol ines  of rate of heat loss from tOp of atmos- 

phere as measured by 199 Iota. !Ehe area shown is  between 

H a w a i i  and the mainland of the United States at 10' I? l a t i tude .  

It is tavered with cold air or  high clouds." 

Pioneer v (1960 fipha) 

The deep space probe Pioneer V was launched on ll W c h  1960 

at 8:00 a.m. EST. 

i n  -le 5.  

Pioneer V will be 46 million miles, from the earth. 

Descriptive information on Pioneer V is contained 

A t  first perihelion passage it is estimated that 

The Pioneer V space probe is equipped with a so lar -ce l l  

nickel-cadmium battery power supply and a d i a t i z e d  telemetry system 

capable of indefini te  operation. 

i n  the payload f o r  relaying the data and information f'rcxn the 

satellite during the i n i t i a l  portion of the trajectory.  With the 

250 foot dish at Manchester, it is estimated that contact with the 

payload could be maintained until about 20 mill ion miles (32 million 

km) from the earth; however it was planned t o  switch the transmission 

from 5-watts t o  150-watts at  an e a r l i e r  t ime,  and this has been 

done. With the 150 w a t t  transmitter operating, it is estimted 

tha t  the Manchester dish can maintain contact w i t h  the payload 

A 5-watt transmitter is carried 
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t o  distances i n  excess o f  30 mill ion miles (80 mil3;Lap kd, 

perhape to AB much aa 90 million miles (145 million k d  -&l- 

t he  ear th .  The operation of the Pioneer V payload I s  cammanded 

on and off by sie;r.als From ground s t a t ions  i n  HawaAi and in 

Manchester, England./ %he duty cycle of the operation $6 8oa#3- 
For the 5-watt transrnltter 

where between 8 and 9 percent of t he  ’ t o t a l  time. As of the 

end of Apri l1950,  more than a hundred hours of telemetering 

operation hadbeen recorded. Ry t h a t  date, the  probe Wae 

approaching the  7 mi l l ion  mile (11 million km) mark f’ra the 

earth’. 

%W exci t ing  results have been obtained by Pioneer V. They 

extend observations made frosn earth satellites in previous 

Pioneers. Many of the observations cor re la te  with observatione 

made a t  the  e a r t h ’ s  surface; some of the  results from Pioneer V 

are r e l a t e d  t o  results obtained i n  Explorer V I 1  which i S  S t i l l  

functioning. 

hac been provided by the experimenters and the  NASA pro jec t  

The following information on Pioneer V results 

man%er, John Lindsay 

The first two Week6 following the  launching of Pioneer V 

were r e l a t i v e l y  free of solas ac t iv i ty .  A t  the  end of W c h ,  

however, fram March 27 t o  April 6, 1960 there w88 a period of 

high so la r  activity. During this time, the space probe was i n  

t h e  v i c i n i t y  of 5 mil l ion  kilameters from t h e  ea r th  and 

approximately I n  the plane of the e c l i p t i c .  On March 31, at 

0800 universal  t i m e ,  there began a severe magnetic etorm on 
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t he  earth, which was accompnnied by major. ea r th  current  a s -  

timbanccs, a complete blackout of the  North At lan t ic  comunica- 

t i ons  channel, and aur0ra.l displays. 

Forbush decrease occurred i n  the  g a l a c t i c  cosmic rad ia t ion .  

From measurements made in Pioneer V, Jo A. Simpson and h i s  co- 

workers r epor t  t h e  following results: 

Simultaneously a l a r g e  

(1) A t  the t i m e  of the March 31, 1960 Forbush decrease 

i n  tHe v i c i n i t y  of t h e  ea r th ,  a similar decrease occurred 

a t  Pioneer V. The decrease at  5 mil l ion  kilometers from 

t h e  earth w a s  a t  least as g r e a t  as t h a t  a t  the  ea r th .  

Hence, existing theor ies  fo r  this phenomenon requi r ing  the  

presence of the  e a r t h  and i ts  magnetic f ie ld  are proved t o  

be inva l id .  

(2) On Apri l  1, 1960, not only protons bu t  e lec t rons  

and/or gamma rays from the sun w e r e  observed. A t  t h e  same 

time, Leinbach reported polas  cap absorption of rad io  noise.  

The t i m e  r e l a t i o n s  between these two observations were 

such as t o  ind ica t e  t ha t  the  solar flare p a r t i c l e s  producing 

t h e  ion iza t ion  i n  t he  polar  atmosphere over a per iod of 

many hour& were not s to red  i n  the  geomagnetic f i e ld  nor a t  

tlie sun. 

( 3 )  Simpson and co-workers ctl.so r epor t  evidence 

f o r  the  co lar  production of energe t ic  elec t,ron:; by processes 
other than  solar flares e Hrcmstrah1ung w a . s  nicnsu~.ccl i n  

Pioneor V for many days of the period over which data are 

present ly  o-i'?iilable. 



I . :  

Winckler and co-workers report the following results from 

the integrating ionization chmber and geiger counter i n  the  

space probe. During the interval  of high solar act ivi ty ,  i n  

a t  least  f ive  cases flares produced a response of the Pioneer 

instruments within a f e w  hours. 

ident i f ied  as low energy so lar  cosmic rap of the  type observed 

pre-JiousQ- on naqv occasions zzld repor-ked i n  the literatu-e. 

The l w g e s t  cosnic ray bursts occurred on April 1 acconpanying 

Tbese responses can be 

c lass 3+ flare beginning at 0830 universal tine, and on 

A p l l  5 associated w i t h  a mjor radio disturbance. 

rw- bursts have the following p r o p r t i e s :  

The cosrnic 

(1) %e sizes range from j u s t  detectable above @ L a c t i c  

cosmic rq- bsckground t o  paxticle f l u e s  ten times g a a c t i c  back- 

groxnci. 

(2) The observed ion/count r a t i o  is consistant with a 

&2f'erent+ia.l energy spectrum of the form 

lower ~pectrum limit of about 40 mevr 

E = CE-*, with a 

( 3 )  The decrease of the par t ic les  i n  space seems def in i te ly  

more rapid % h a  thzt associzted with simple diffusion. 

(4) Balloon observations at Minneapolis on April 1, 1960, 

3 i L - i -  "the 1zrge flwe, s h c e c ?  the przsence of solar protons of 

energy up t o  400 mev. me flux and spectrum were consistent 

x i th  the Pioneer V results. 
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( 5 )  Three of the cosmic ray events observed at Pioneer V 

produced polar blackouts as reported by Leinbach at College, 

Alaska. 

(6) Two of the cosmic ray events were also detected by 

counters on Explorer V I I ,  and the pa r t i c l e  fluxes are i n  good 

agreement with those obtained from F?ioneer V. 

Compas-ing Pioneer V observations with results from Explorer 

V I I ,  and U s 0  from Explorer V I ,  Winckler reports that  the 

electron flux observed i n  Pioneer V at great distance from the 

ear th  i s  only 

at  i ts  maximum build-up following the i n i t i d  depletion occurring 

a t  the t i m e  of the magnetic storm. 

great increase i n  the 50 kev electrons observed by Van Allen 

and co-workers i n  the outer zone on A p r i l  2 t o  7 wets not due 

t o  direct  solar inject ion.  Hence, there must be some loca l  

acceleration of a portion of a solar plasma cloud spectrum 

associated with the observed magnetic storm and Forbush event. 

It i s  this loca l  acceleration of a portion of the plasma i n  the 

magnetic f ie ld  of the ear th  that  builds up the outer radiat ion 

zone. 

that  observed i n  the outer radiation be l t  

The conclusion Is that the 

A search c o i l  magnetometer was carr ied aboard Pioneer V. 

C- 

report the following results. The sens i t i v i ty  of the search 

s o i l  appeazs t o  be a f e w  tenths of a gamma. The undisturbed 

magnetic f ie ld  i n  space is about 2.5 g m ,  but at  the onset 

Sonett and co-workers of the Space Technology Laboratories 



of solar ac t iv i ty  values as high as 40 g m x ,  have b e n  Inessureti. 

F r o m  about 10 t o  19 earth's radii, there ex i s t s  an intense zone 

of mqnet ic  f ie ld  disturbmce, agpearing as mvcs in hSgtfiy 

iopised dAstznL reg5or.e I'COY, fne ear-bh. 

confirm similcr  results obt,&ned i n  Pioneer 3. B e y  indicate  

a collapse of the geomagnetic f i e l d  at dincwces greater than 

13 emth radii from the ecartho 

These observations 

The shapes and magnitudes of 

magnetic f i e l d  fluctuations i n  space at  a p e s t  distance from 

the  ea r th  axe qyite sircilar t o  the magnetic field variations 

observed at the surface of the  ezr th  during mgne t i c  storms. 

The data from Explorer V I  and Pioneer V indlcate  the existence 

of a r ing  current about t he  earth ifnose cross sect ion i s  

centered a'; 2n a l t i t ude  of 10 ezrth's r a z i  eon; the  earth, and 

covers EL x,gion in space extending fi-an approxhztely 7 t o  13 

earth's r-i. Sonett  and co-workers estimate the t o t d  current 

flowing insicle this regiors of space t o  be about 5 mill ion 

amperes. It is surmised tha t  the ring current most probably 

consis ts  of l o w  energy par t ic les ,  and f o r  this reason has gone 

unobserved i n  the  high energy detectors customarily used t o  

inves t igs te  rad ia t ion  bel% par t ic les .  

Dubin reports  t h a t  coir& data are being obtained from the 

micrometeor counter. Pecul iar i t ies  of these d a t a ,  however, 

indicate  tha t  the equlpmenl may be d . f u n c t i o n i n g o  

therefore, not  clear  at t h e  present t i m e  whether useful data 

It is, 

W i l l  be obtained from th i s -experhent .  
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Future Plans 

NASA plans for  continuation of the space science program, 

as recently presented t o  Congress, are ref lected i n  Table 6. 

These plans r e f l ec t  the present intentions of NASA. 

of course, subject t o  change and modification as the program 

They me, 

unfolds. It i s  intended at the appropriate t i m e  t o  announce 

the frequencies which wi l l  be radiated from the satellites, 

s o  that  experimenters around the world may prepare observing 

equipment fo r  using these frequepcies fo r  the study of the 

ionosphere and ear th’s  upper atmosphere. It i s  also intended, 

where it can usefully be done, t o  make a v d l a b l e  t o  observers 

around the world the telemetering codes for  various s a t e l l i t e s ,  

so tha t  the sc i en t i s t s  who wish t o  do so may par t ic ipa te  i n  

the  collection of telemetered data and i n  the analysis thereof. 

It i s  clear ly  not possible o r  useful t o  do this f o r  all 

satellites and space probes, but  i n  those cases i n  which other 

observers around’the world can useflrlly par t ic ipate ,  every 

e f fo r t  w i l l  be made t o  make the codes ava.i.lable. This will be 

done through the U.S. National Acadew of Sciences, who will i n  

t u rn  make them available t o  the Committee on Space Research 

of the International Council of Sc ien t i f ic  Unions. 
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Table 6 

NASA SPACE SCJXNCE: EXPERIEIEXTS 
PLANNED AS OF 1 APRIL 1960 

Klselon Number Experiments 

Sounding Rockets 1 OO/yr Atmosphere; Ionosphere; Energetic 
Par t ic les ;  Yagnctic Zleld; Astro2omy; 
Special. 

Earth SatdJAteS 4 or 5/yr Ionospheric Properties; Gamna znd Cosmic 
3 q s ;  Ionospheric Beacon; Solar Syec- 
troscopy; Atmospheric Structure;  Geodesy; 
Xonospheri c T ~ F  si de Socnder ; RzCiiati  on 
Be l t ;  Internat ional ;  Polar Rncliation; 
Polar Atmospheric Structcre;  ?elm Ionos- 
pheric; Polar GcoBhysics; Sm-Eartln 
Relations ; Geophysics j b t r o n o , d c &  
Observatory. 

Space Probes Sev/yr Two Ionospheric Structure;  Nude&- 
Emulsions; Outer Atmosphere Vinds; 
Interplanetary ?lmm; > l a n e t i c  Xe ld ;  
Energetic Par t ic les ;  icagnctic =el& i n  
Space; Interplanetasy Emirordient; 
Technological Developnent; Lunar Surface 
Properties .) 
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WZUaITE: APPLICATIORS 

As s ta ted  earlier, the NASA i s  actively exploring thc: possible 

appl icat ims of space resemch results and space technology t o  

practical. uses. Foreseezble armlieations of space techniques 

t o  be found i n  the use of s a t e l l i t e s  for weather observation, fo r  

A - ~ d i o  coirnmicatfon, fo r  geodesy, and fo r  navigation. 

launched. this spring, TTCS pzr t  of the meteoro1ogic.d. program. 

TIROS I, 

Before Froceeding t o  &scribe the TJROS s a t e l l i t e ,  it should 

he exphasized tha t  this i s  i a  no m.3 t o  be regarded 8 s  

t ionzl  systemu 

research program, designed t o  explore what s o r t  of data can be 

acquired by mezns of s a t e l l i t e  techniques, and what use can be 

made of those data. 

e f f o r t  i s  t o  2ei;ermine :chat can be learned from the cloud cover 

opera- 

A t  this stagc, the TIfiOS s a t e l l i t e  i s  pa3-t of a 

An extxemely important pa r t  of this research 

pictures obtained from TIROS, and where possible t o  r e l a t e  photo- 

graphic observations t o  measurements of the heat balance obtained 

by the Explorer V I 1  sc i en t i f i c  s a t e l l i t e ,  and other observations 

made with sounang rockets and balloons, 

groundwork has been iaia by such research ac t iv i t i e s ,  can one 

proceed t o  the designing and development of a t ru ly  operational 

Only after the proper 

meteorological satell i te system. 

TIROS I (1960 Beta) 

The TIROS I weather satellite was launched i n t o  or'bit on 

April 1, 1960. 
tained i n  Table 7. 

Descriptive information concerning TIROS i s  con- 
A photograph of TLRos I i s  shown i n  Figure 7. 
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me full significance t o  weather research, and ultimately 

t o  the development of pract ical  weather observing systems, must 

a w a i t  the study and analysis O f  the pictures obtained by the 

satellite borne televisdon cameras. In  the meantime, the pictures 

obtained speak graphically for  themselves. 

are shown i n  Figures 8 thru 10. 

SeveraL such pictures 

INTERNATIONAL COOPERATION 

~y i t s  very nature, science i s  universal, international.  The 

history of science i s  a continuing record of international coopera- 

t i on  on a voluntary basis. 

science t o  i t s  present d&y s ta tus  have not been, nor are they now, the 

prerogative of any single country. Advancing ideas have come from 

every quaster of the globe. 

The ideas and insights  that have advanced 

Recognizing the great importance of widespread cooperation i n  

the conduct of space science, the NationaL Aeronautics and Space 

Administration intends t o  par t ic ipate  extensively i n  internat ional  

progransaf' space research. 

fo r  "cooperation by the United States  with other nations and groups 

of nations i n  work done pursuant t o  t h i s  Act, and i n  the peaceful 

application of the results thereof . . . . During the f i rs t  year 

and a h a l f  of i t s  existence NASA has taken many steps i n  the  

developnent of an international cooperation i n  space ac t iv i t i e s .  

In  f a c t  the NationaL Space Act c a l l s  

11 



I n  order t o  provide for  aggressive support of internat ionel  

objectives wi th in  NASA i n  response t o  the Congressional mandate, 

t he  Administrator establ ished the Office of In t e rna t iond  Programs. 

It is  the function of this off ice  t o  generate, t o  encourage, to 

coordinate, and t o  provide necessary supporting services f o r  NASA's 

cooperztive ac t iv i ty .  The followingsstatement, made recently by 

the  Director of the Office of International h-ograms will highl ight  

t he  pr inciples  t h a t  NASA 9s following i n  t h i s  area: 

We feel. t h a t  programs of internat ional  cooperation 11 

should be substantive i n  character, contributing toward the  

technical and s c i e n t i f i c  objectives of space research. 

This suggests t h a t  t h e  programs themselves should grow 

out  of, o r  be capable of integrat ion with, NASA's oim 

operating and research programs. 

suggest t o  other nations'  s c i e n t i s t s  what projects  o r  pro- 

grams they should adopt, o r  indeed, t h a t  they should en ter  

i n t o  space research at aL1. 

however, we are eager t o  discuss the poss ib i l i t i e s .  

cases, we believe t h a t  consideration should be given t o  

specif ic ,  limited projects,  f o r  it i s  too ear ly  i n  t h i s  new 

scie'ice t o  char t  broad general programs. 

should be t h a t  the projects have s c i e n t i f i c  or technical 

va l id i ty .  

periments or  other projects which we ourselves would i d s h  

to carry out i f  they were not t o  be done jo in t ly .  

But we do not wish t o  

If cooperation i s  desired, 

I n  such 

The essen t i a l  c r i t e r i o n  

'Ck would hope t h a t  proposab would represent ex- 
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"Generally speaking we cannot at  t h i s  t i m e  consiCey 

program which would involve an exchange of funds. 

each 

However, it i s  not necessary t h z t  contributions be 02 equal 

scope and magnitude. Beyond these part icular  points, it 

goes without saying t h a t  the f r e e  exchange of informatior,, 

and especiItlly the results of our experiments should be made 

available t o  the sc i en t i s t s  of all nations. To this end we 

support the ac t iv i ty  i n  the United Nations regarding tfie 

peaceful uses of outer space. Similarly we are, through our 

NationaJ. Academy of Sciences, giving ful l  support t o  the 

International Committee on Space Research (COSPAR), one of 

the permanent offshoots of the International C o d t t e e  .for 

I G Y -  (CSAGI! ." 
A t  the present time, NASAOs internat ional  cooperative program 

R a L i i e i ,  

nation shouldbe able t o  support i t s  own contribution. 

involves many different  types of , ac t iv i t i e s .  These include 

cooperation i n  the tracking and telemetry of s a t e l l i t e s  and space 

probes, including Project Mercury, and cooperation i n  planning for, 

preparing for,  and carrying out s c i en t i f i c  experiments i n  the 

atmosphere and outer space. 

var ies  from country t o  country. 

with representatives of many countries, exploring the best .i.ra;y t o  

develop a cooperative program i n  each individual case. I n  the case 

of space research, only a few programs have become act ive as of 

The pa t te rn  of these various cooperations 

NASA has been holding discussions 
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the present t i m e .  On the other hand, out of the considerable 

amount of discussion tha t  is underway, it is  hoped active co- 

operative programs w i l l  ar ise .  

\?%thin a very few months of its establishnent, NASA w a s  

engaged i n  preliminary technical discussions with representatives 

of the Canadian Defense Research Board on a proposed jo in t  

project  t o  sound the ionosphere From above. 

a lso  provide t he  antenna and s a t e l l i t e  she l l  required. 

NASA w i l l  develop a fixed frequency sounder. 

f o r  launching attempts by the United States. 

will be modified t o  acquire data from both, and a coordinated 

ground-based ne t  w i l l  simultaneously probe the ionosphere frcym 

below. 

project;  thus, a mult i la teral  experiment i s  already i n  preparation 

The Canadians w i l l  

luleanwhile, 

Both axe scheduled 

Tracking ins ta l la t ions  

The Br i t i sh  have expressed in t e re s t  i n  this phase of the 

and w i l l  be conducted sometime i n  1%. 

I n  m c h  1959, NASA authorized the National Academy of 

Sciences' delegate t o  COSPAR t o  offer, on behalf of the U n i t e d  

States ,  t o  launch individual experiments or  complete satellite 

payloads prepared by scientists of other nations. Because the 

c loses t  possible collaboration is desirable in such ef for t s ,  it was 

stated that the experimenters were welcome t o  work together w i t h  

American teams i n  the development of t h e i r  projects.  

I n  July, the UnitedKingdm sent  a team to the  US. under 

Prof. H.W.S. Massey t o  discuss a United K i n g d o m  proposal. within the 

framework of NASA's offer  t o  COSPAR. It was tentat ively agreed 
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t h a t  Brit ish scient is ts ,  over a two t o  four year period, would 

instrument perhaps three s a t e l l i t e s  for launching, probably by 

means of NASA's Scout vehicle. Each nation assumes responsibil i ty 

f o r  i ts  ovn contributiono Specific proposals for four experiments 

t o  be flown i n  the f irst  Joj.nt saZelPite were agreed upon i n  

January of 1960. 

electron density and temperature, and cosmic radiation. These w i l l  

permit unique correlations of the on-board experiments themselves 

as w e l l  as betveen these and ground-based or dr - space  experiments. 

An exchange of notes E t t  the government leve l  r r i U  formalize this 

arrangement. 

i n  January and have been endorsed by tha t  Committee. 

They w i l l  involve studies of solas radiation, 

The proppsed experiments were communicated t o  COSPAR 

The two cooperative programs described serve t o  i l l u s t r a t e  

what can develop i n  th i s  important and excit ing area. 

arrargements may or  may not be conswmnated by formal governmental- 

agreements * Certainly i f  the expenses involved are considerable, 

as they may w e l l  be i n  the space research busicess, then govern- 

mental agreements are required, On the other hand, if the cooperative 

effor t  under discussion i s  of a l imited nature, it may w e l l  be 

appropriate t o  make a.rrar,gernqnts and carry out the program jo in t ly  

between NASA and an appropriate agency within the cooperating 

country. In  either case, NASA feels that the actual cooperative 

agreement should be preceded by. informal technic& discussions 

between the working leve ls  i n  the countries involved, i n  order 

t h a t  specific cooperative projects may be clear ly  defined. 

The final. 

It is  
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NASA's hope t h a t  cooperation i n  space research ma;y indeed be t ru ly  

worldwide. 

The poss ib i l i t i es  of cooperation with the USSR have been 

explored as opportunity presented. Discussion of preliminary 

nature was  conducted i n  mid-November with the  Chairman of the 

Soviet Canmission for Interplanetary Travel, h-ofessor Sedav, 

and another member of the  Commission, Academician Rlagonravw. 

TMS discussion to& place during a v i s i t  of a USSR delegation 

t o  the American Rocket Society meeting in Washington. Soviet 

s c i en t i s t s  eqressed willingness to  consider some form of coopera- 

t ion  i n  space act ivi ty ,  but stated their be l ie f  that such 

cooperation would have t6 proceed "step by step". 

which they were at that time willing t o  discuss was the space 

conference under United Nations' auspices, which had been proposed 

by t h e i r  representative i n  the U n i t e d  Nations. 

the NASA Administrator, Dr.  T. Keith Glennan, i n  an address before 

the I n s t i t u t e  of World Affairs i n  Pasadena, California, on December 

7, 1959, offered the services of tracking s ta t ions  t o  the Saviet 

Union, when, and i f ,  it should conduct a man i n  space program. 
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Fig. 8 Weather Picture Taken by the 'JTROS Satellite. 



Fig. 9 Weather Picture Taken by the TLROS Satellite. 




